ABSTRACT Background: The development of low-cost point-of-care technologies to improve HIV treatment is a major focus of current research in resource-limited settings. Objective: We assessed associations of body mass index (BMI; in kg/m 2 ) at antiretroviral therapy (ART) initiation and weight change after 1 mo of treatment with mortality, morbidity, and CD4 T cell reconstitution. Design: A prospective cohort of 3389 Tanzanian adults initiating ART enrolled in a multivitamin trial was followed at monthly clinic visits (median: 19.7 mo). Proportional hazard models were used to analyze mortality and morbidity associations, whereas generalized estimating equations were used for CD4 T cell counts. Results: The median weight change at 1 mo of ART was +2.0% (IQR: 20.4% to +4.6%). The association of weight loss at 1 mo with subsequent mortality varied significantly by baseline BMI (P = 0.011). Participants with $2.5% weight loss had 6.43 times (95% CI: 3.78, 10.93 times) the hazard of mortality compared with that of participants with weight gains $2.5%, if their baseline BMI was ,18.5 but only 2.73 times (95% CI: 1.49, 5.00 times) the hazard of mortality if their baseline BMI was $18.5 and ,25.0. Weight loss at 1 mo was also associated with incident pneumonia (P = 0.002), oral thrush (P = 0.007), and pulmonary tuberculosis (P , 0.001) but not change in CD4 T cell counts (P . 0.05). Conclusions: Weight loss as early as 1 mo after ART initiation can identify adults at high risk of adverse outcomes. Studies identifying reasons for and managing early weight loss are needed to improve HIV treatment, with particular urgency for malnourished adults initiating ART. The parent trial was registered at clinicaltrials.gov as NCT00383669.
INTRODUCTION
Provision of antiretroviral therapy (ART) for HIV-infected individuals is rapidly expanding in sub-Saharan Africa (1) . Despite successes in improving treatment access, adults initiating ART in resource-limited settings experience markedly high rates of mortality compared with those of individuals in developed countries, especially during initial months of treatment (2) . The development of low-cost point-of-care technologies has become a significant focus of current HIV research to improve treatment outcomes in resource-limited settings (3) .
Malnutrition and food insecurity, through a multitude of potential effects including impaired immune function and decreased treatment adherence, have been identified as barriers to greater success of HIV-treatment programs in resource-limited settings (4) . Multiple studies have shown that low BMI (in kg/m 2 ) at ART initiation is a strong independent predictor of mortality in HIV-infected adults; however, few studies have examined the association of weight change after treatment initiation and subsequent mortality in resource-limited settings (5) (6) (7) (8) (9) (10) (11) . Studies in resource-settings have shown weight loss after 3-6 mo of ART is associated with increased risk of mortality, but the majority of deaths (w70%) for adults initiating ART in resource-limited settings occur within the first 3 mo of treatment (2, (8) (9) (10) (11) .
Accordingly, we present a cohort study that evaluated the association of weight change at 1 mo of ART initiation with subsequent mortality in HIV-infected Tanzanian adults to capture early deaths. We hypothesized that low baseline BMI at ART initiation and weight loss after 1 mo of treatment would be associated with increased mortality. In addition, we a priori hypothesized that the magnitude of the association of weight loss with mortality would be greater for individuals with low BMI at baseline on the basis of a previous findings in this setting (10) . We also present analyses of baseline BMI and weight change at 1 mo of ART with incidence of comorbidities and change in CD4 T cell counts to explore 2 potential pathways for a mortality association.
SUBJECTS AND METHODS
This prospective cohort study consisted of all HIV-infected adult men and women initiating ART enrolled in a trial of multivitamins (vitamins B complex, C, and E) at high amounts compared with standard amounts of the Recommended Dietary Allowance (RDA) conducted during 2006-2009 in Dar es Salaam, Tanzania (www.clinicaltrials.gov; NCT00383669) (12) . Individuals were eligible for the trial if they were aged $18 y, HIV infected, initiating ART at enrollment, and intended to stay in Dar es Salaam for $2 y. Patients with WHO HIV disease stage IV, a CD4 T cell count ,200 cells/mL, or with WHO HIV stage III disease and a CD4 T cell count ,350 cells/mL began ART (13) . Women who were pregnant or lactating were excluded from the trial. First-line drug combinations included stavudine, lamivudine, nevirapine, zidovudine, and efavirenz. Zidovudine was substituted for stavudine for individuals with peripheral neuropathy or who could not tolerate stavudine. Efavirenz was substituted for nevirapine in patients who could not tolerate nevirapine. Cotrimoxazole prophylaxis was provided when CD4 T cell counts were ,200 cells/mL, and treatment of all opportunistic infections was prescribed according to Tanzanian national and WHO guidelines. The primary outcome of the trial was HIV disease progression or death, and there was no significant difference between randomized multivitamin regimens (12) .
Assessment of height, weight, and baseline covariates
Height and weight were assessed by trained research nurses who used regularly calibrated instruments with standardized procedures at ART initiation. BMI at ART initiation was calculated as the patient's weight divided by the patient's height squared. Anthropometric measurements were also assessed by research nurses at scheduled monthly clinic visits for the duration of enrollment. The percentage of weight change at 1 mo as compared with at ART initiation was calculated as ½Weight at 1 mo ðkgÞ 2 weight at ART initiation ðkgÞ Oweight at ART initiation ðkgÞ ð1Þ
Nurses also obtained socioeconomic data at ART initiation. The number of household assets was calculated from a list of assets that included a sofa, television, radio, refrigerator, and fan. At ART initiation, trained research physicians also performed a complete medical examination and assessed WHO HIV disease stage in accordance with WHO guidelines (13) . Blood samples were collected for an assessment of the absolute CD4 T cell count (FACSCalibur system; Becton Dickinson) and a complete blood count (AcT5 Diff AL analyzer; Beckman Coulter).
Assessment of mortality, morbidity, and CD4 T cell count Study participants were followed at monthly clinic visits, and participants who missed a clinic visit were followed by telephone calls or home visits during which relatives or neighbors were asked about the vital status of the participant. At monthly clinic visits, trained research physicians performed a clinical examination and diagnosed and treated conditions, including opportunistic infections and other comorbidities. Pneumonia, upper respiratory tract infections, Kaposi sarcoma, oral thrush, and extrapulmonary tuberculosis were diagnosed by a symptom report by patients and signs as assessed by study physicians.
Chronic diarrhea was defined as a patient report of diarrhea for $14 d. Pulmonary tuberculosis was diagnosed according to Tanzanian National Tuberculosis and Leprosy Program guidelines. Participants with symptoms of pulmonary tuberculosis were asked to provide the following 3 sputum samples: a spot sputum specimen at the study visit at which symptoms were first reported, an early morning sputum before a second clinic visit the next day, and a third sputum specimen at the second clinic visit. Participants were diagnosed with pulmonary tuberculosis if at least one of the 3 sputum smears was positive for acid-fast bacilli by using Ziehl-Nielsen staining or when a chest X-ray exhibited radiologic features consistent with tuberculosis when all sputum smears were negative for acid-fast bacilli (14) . The absolute CD4 T cell count and a complete blood count were assessed at clinic visits every 4 mo.
Ethics
Written informed consent was obtained from all participants included in the parent trial. The study protocol was approved by the institutional review boards of the Harvard School of Public Health, Muhimbili University of Health and Allied Sciences, Tanzania Food and Drug Authority, and the Tanzanian National Institute of Medical Research.
Statistics
BMI at ART initiation was defined as moderate-to-severe malnutrition (,17.0), mild malnutrition ($17.0 and ,18.5), normal ($18.5 and ,25.0), and overweight or obese ($25) categories. Cox proportional hazard models were used to examine the association of baseline BMI with mortality and the incidence of morbidities (15) . P-trend values were calculated by treating the median value of each baseline BMI category as a continuous variable. Individuals who experienced morbidity events of interest at ART initiation were excluded from baseline BMI analyses. Individuals without events were censored at the date of the last follow-up visit, and proportionality assumptions of Cox models were verified by using time-by-variable interaction terms.
The association of baseline BMI with the change in CD4 T cell count over time was analyzed by using generalized estimating equations. An m-dependent working correlation matrix (m = 1) was used in models, which assumed the correlation coefficient of adjacent observations were nonzero and equal. Robust estimators of variances, which are consistent estimators even if the working correlation matrix is misspecified, were used to construct CIs. The potential nonlinear relation of change in CD4 T cell counts between consecutive clinic visits over time was assessed nonparametrically with restricted cubic splines for the time since ART initiation (16, 17) . If a nonlinear relation was shown, we added the selected cubic-spline terms to the model as covariates. To assess the association of the baseline and change in CD4 T cell counts between consecutive visits over time, we included the interactions of baseline BMI category with time since ART initiation and its splines. The robust score test was used to determine whether the CD4 T cell trajectory differed by baseline BMI category. The baseline CD4 T cell count was not adjusted for in this analysis because of risk of bias when modeling the change over time (18) .
Weight change after 1 mo of ART was grouped into categories of $2.5% weight loss, 0-2.5% weight loss, 0-2.5% weight gain, and $2.5% weight gain on the basis of the distribution of weight change for the cohort. Previous studies have used 5% weightchange categories after 3 mo of ART (9, 10) , but very few individuals in our study experienced $5% weight loss by 1 mo of ART initiation (4%). Cox proportional hazard models were used to examine the association of weight change after 1 mo of ART with mortality and the incidence of morbidities (15) . P-trend values were calculated by treating the median value of each weight-change category as a continuous variable in the proportional hazards models. The relation of weight change as a continuous variable and mortality was also analyzed. The possible nonlinear relation between a continuous weight change and mortality was examined nonparametrically with restricted cubic splines (16, 17) . Tests for nonlinearity used the likelihood ratio test and compared the model with only the linear term to the model with the linear and cubic spline terms. All individuals with the mortality or morbidity event of interest before 1 mo (35 d) were excluded from weight-change analyses.
To assess whether associations of weight change at 1 mo of ART with mortality and morbidity outcomes significantly varied by baseline BMI, we used interaction terms of weight-change categories and baseline BMI categories with the use of the likelihood ratio test to assess the statistical significance. We also investigated interactions by dichotomizing weight change as any weight loss (,0% change) and maintenance or weight gain ($0%) and also decreasing baseline BMI categories to 3 categories (,18.5, $18.5 and ,25.0, and $25) to increase the statistical power of tests for interaction. If the association of weight change with mortality or morbidity outcomes significantly differed across strata of BMI at ART initiation, we used proportional hazard models and assessed effect modification stratified by baseline BMI. Potential effect modifiers included demographics (sex and age), markers of HIV disease severity (WHO HIV stage, CD4 T cell count, and hemoglobin concentration), indicators of exposure to opportunistic pathogens (district, educational attainment, household assets, and season of ART initiation), ART regimen, randomized multivitamin regimen, and timing of the 1-mo clinic visit. These effect modifiers were selected as an attempt to capture the multifactorial causes of weight loss for HIV-infected adults (eg, malabsorption, decreased caloric intake, comorbidities, and hypermetabolism), which alone or in combination may vary in association with HIV progression (19) .
The association of weight change after 1 mo of ART with CD4 T cell count over time was also analyzed by using generalized estimating equations, similar to the analysis of baseline BMI with the change in CD4 T cell count. An m-dependent working correlation matrix (m = 1) was used, and robust estimators were used to construct CIs. The potential nonlinear relation of change in CD4 T cell counts between consecutive clinic visits over time was assessed nonparametrically with restricted cubic splines for the time since ART initiation (16, 17) . The robust score test was used to determine whether the CD4 T cell trajectory differed by category of weight change after 1 mo of ART or baseline BMI category.
Confounders in multivariate analyses included baseline demographic, socioeconomic, HIV disease severity, randomized multivitamin, and seasonality variables, which have been shown to be associated with both nutritional status and HIV progression in the literature (19) (20) (21) . The following variables and categorizations were included in multivariate models: sex, age (,30, 30-39, 40-49, or $50 y), district (Ilala, Kinondoni, or Temeke), highest attained education (none/primary or secondary/advanced), number of household assets (0-1, 2-3, or 4-5), season of ART initiation [long rain (December to March), harvest (April to May), postharvest (June to August), and short rain (September to November)], randomized multivitamin regimen (single RDA or multiple RDA), baseline CD4 T cell count (,50, 50-99, 100-199, or $200 cells/mL), baseline hemoglobin concentration (,8.5, $8.5 and ,11, or $11 g/dL), baseline WHO HIV stage (I/II, III, or IV), baseline oral candidiasis, baseline diagnosis or receipt of pulmonary tuberculosis treatment, and ART regimen (stavudine-lamivudine-nevirapine, stavudine-lamivudine-efavirenz, zidovudine-lamivudine-nevirapine, or zidovudine-lamivudineefavirenz regimens). Missing data for covariates were retained in analyses by using the missing indicator method (22) . All P values were 2 sided, and P , 0.05 was considered statistically significant. Statistical analyses were performed with SAS v 9.2 software (SAS Institute Inc).
RESULTS

Characteristics of individuals with baseline BMI measurements
The parent trial enrolled 3418 adults initiating ART, and 3389 (99.2%) of these individuals had their BMI measured at the baseline clinic visit. The proportion of subjects with a BMI ,17 at ART initiation was 12.5%, 14.8% of subjects had a BMI $17.0 and ,18.5, 57.8% of subjects had a BMI $18.5 and ,25.0, and 14.9% of subjects had a baseline BMI $25.0. Baseline characteristics of study participants with BMI measurements at ART initiation are presented in Table 1 .
Baseline BMI and mortality Participants were prospectively followed at monthly clinic visits, and the median follow-up time was 19.7 mo (IQR: 8.3-31.5 mo). A total of 445 deaths (13.1% cumulative incidence) were prospectively recorded in individuals with a baseline BMI measurement. A total of 31.0% of total deaths occurred at ,1 mo of ART (n = 138), 28.5% of total deaths (n = 127) occurred at 1-3 mo of ART, and 40.5% of total deaths (n = 445) occurred after 3 mo of ART. Associations of baseline BMI with mortality are shown in Table 2 . Lower BMI at ART initiation was significantly associated with an increased hazard of mortality (P-trend , 0.001). There was no indication of effect modification of the baseline BMI and mortality association by any baseline covariate, and associations did not change over time.
Baseline BMI and morbidity
Associations of baseline BMI with incident morbidities are shown in Table 2 . Baseline BMI was significantly associated with the incidence of oral thrush (P-trend = 0.018). There was also some indication of increased risk of incident pulmonary tuberculosis with lower baseline BMI, but results were not statistically significant (P-trend = 0.063). There was no indication of effect modification of any baseline BMI and morbidity association by any baseline covariate, and associations did not change over time.
Baseline BMI and CD4 T cell count CD4 T cell counts were assessed every 4 mo, and 2688 individuals had $2 CD4 T cell-count observations. Participants, regardless of baseline BMI, experienced dramatic increases in CD4 T cell counts during the first 6 mo of ART (mean increase:
28.3 cells/mo) with more modest gains after 6 mo (mean increase: 5.8 cells/mo). There was no significant difference in CD4 T cell trajectory in individuals with a baseline BMI ,17 (P = 0.708) or $17.0 and ,18.5 (P = 0.232) in comparison with individuals with a baseline BMI $18.5 and ,25.0 with multivariate adjustment. There was some indication that individuals with a baseline BMI $25.0 may have hastened CD4 T cell recovery compared with subjects with a baseline BMI $18.5 and ,25.0, but the difference in trajectory was not statistically significant (P = 0.066).
Characteristics of individuals with weight-change measurements
A total of 2255 (66.5%) adults with a baseline BMI measurement also had their weights measured at a 1-mo clinic visit (20-35 d) . Baseline characteristics of study participants with weight-change data at 1 mo are also presented in Table 1 . The median weight change at 1 mo of ART was +1.0 kg (IQR: 20.3 to +2.4 kg) or +2.0% (IQR: 20.4% to +4.6%). The proportion of participants who experienced $2.5% weight loss at 1 mo of ART was 13.7%, 12.3% of individuals had 0-2.5% weight loss, 31.1% of subjects had a weight gain of 0-2.5%, and 42.9% of subjects experienced weight gains $2.5%. The primary reason for participants not having weight-change data at 1 mo was that the participant was seen at a clinic visit that occurred after 35 d (29.3%). There was no significant difference in any baseline characteristic between individuals with weight-change data at 1 mo and participants who attended a clinic visit that occurred after 35 d.
Weight change and mortality
A total of 195 deaths (8.6% cumulative incidence) occurred after 1 mo of ART in individuals with weight-change data. We found a significant multiplicative interaction between any weight loss (,0% change) at 1 mo of ART and baseline BMI in 3 categories (,18.5, $18.5 and ,25.0, and $25) (P-interaction = 0.011). In individuals with a baseline BMI ,18.5, any weight loss was associated with 5.40 times (95% CI: 3.45, 8.46 times; P , 0.001) the hazard of mortality in comparison with subjects who maintained or gained weight after multivariate adjustment. In contrast, any weight loss was associated with 2.15 times (95% CI: 1.37, 3.38 times; P , 0.001) and 2.68 times (95% CI: 0.66, 10.82 times; P = 0.166) the hazard of mortality in individuals with a baseline BMI $18.5 and ,25.0 and .25.0, respectively.
Univariate and multivariate associations of weight change by the original 4 categories of weight change at 1 mo and mortality are presented in Table 3 stratified by baseline BMI. There was a significant mortality trend for individuals who lost weight or gained ,2.5% compared with subjects who had $2.5% weight gains for all strata of baseline BMI ,25 (P-trend , 0.001). Participants who experienced $2.5% weight loss had 6.43 times (95% CI: 3.78, 10.93 times) the hazard of mortality as participants with weight gains $2.5% if their baseline BMI was ,18.5 but only 2.73 times (95% CI: 1.49, 5.00 times) the hazard of mortality if their baseline BMI was $18.5 and ,25.0. The mortality trend for weight change was borderline significant for individuals with a baseline BMI $25 (P-trend = 0.056). Nevertheless, weight loss of $2.5% was significantly associated with increased risk of mortality compared with a weight gain of $2.5% We also analyzed the relation between weight change at 1 mo and mortality continuously stratified by BMI at ART initiation. The relation of weight change with mortality was shown to be significantly nonlinear for individuals with a baseline BMI ,18.5 (P-nonlinear relation = 0.008). In contrast, weight change was linearly associated with mortality for individuals with a baseline BMI $18.5 and ,25.0 (P-linear relation , 0.001) and for subjects with a baseline BMI $25 (P-linear relation = 0.023). The continuous relation of weight change and mortality in individuals with a baseline BMI ,18.5 and for subjects with a baseline BMI $18.5 and ,25.0 is shown in Figure 1 . A comparison of the shape of relations presented in Figure 1 showed that the magnitude of the mortality association was incrementally greater as weight loss increased for malnourished adults compared with adults with a normal BMI at ART initiation. The combined association of baseline BMI and weight change at 1 mo of ART on mortality is shown in Figure 2 . Participants with a baseline BMI ,18.5 who experienced $2.5% weight loss at 1 mo of ART had a 10-fold increase in risk of subsequent mortality in comparison with individuals with a baseline BMI $18.5 and ,25.0 who had weight gains $2.5% (HR: 9.93; 95% CI: 5.68, 17.32; P , 0.001). There was no indication of effect modification of the weight change and mortality relation by sex, age, district, education, asset group, randomized multivitamin regimen, ART regimen, WHO HIV disease stage, CD4 T cell count, hemoglobin concentration, or timing of the 1-mo study visit within strata of baseline BMI. There was also no indication that HRs for mortality changed over time within strata of baseline BMI.
Weight change and morbidity
Relations of weight change at 1 mo of ART with the incidence of morbidities after 1 mo of treatment are presented in Table 4 .
After multivariate adjustment, there was a significant trend of increasing hazard of pneumonia (P = 0.002), oral thrush (P = 0.007), and pulmonary tuberculosis (P , 0.001) for individuals who lost weight or gained ,2.5% of weight as compared with individuals with weight gains $2.5%. We showed no indication of effect modification of weight change and morbidity associations by baseline BMI, other baseline covariates, or timing of the 1-mo visit.
Weight change and CD4 T cell count
We also examined the association of weight change at 1 mo of ART with the change in CD4 T cell count over time. After multivariate adjustment, there was no significant difference in the CD4 T cell trajectory for individuals with $2.5% weight loss (P = 0.782), 0-2.5% weight loss (P = 0.401), or 0-2.5% weight gain (P = 0.490) in comparison with individuals who experienced weight gain $2.5%. There was also no significant difference in the change in CD4 T cell count for individuals with any weight loss at 1 mo in comparison with individuals who maintained or gained weight after multivariate adjustment (P = 0.173). 
DISCUSSION
In this study, we showed that low BMI at ART initiation and weight loss after 1 mo of treatment were independently associated with subsequent mortality in HIV-infected adults in Tanzania. In addition, the magnitude of the weight-loss association significantly varied across strata of baseline BMI. Weight loss at 1 mo of ART was also significantly associated with the incidence of pneumonia, oral thrush, and pulmonary tuberculosis but not change in CD4 T cell count.
Our results confirmed previous studies that showed weight loss was a strong independent predictor of mortality in HIV-infected individuals receiving ART, but we contributed that weight loss as early as 1 mo after ART initiation can identify adults at high risk of mortality (8) (9) (10) . To our knowledge, this was also the first study to report a significant multiplicative interaction of weight loss and mortality associations by baseline BMI. In a cohort study of 18,271 adults initiating ART in the Management and Development for Health President's Plan for AIDS Relief treatment program in Tanzania, weight loss at 3 mo was significantly associated with increased risk of death within all levels of baseline BMI, with the highest risk of death in individuals with a baseline BMI ,17.0 (P-interaction = 0.09) (10). All adults in our study were also included in this previous Tanzanian cohort study; however, data on weight change at 1 mo of ART as well as morbidity data were not available. As a result, we used adults enrolled in a multivitamin clinical trial conducted in Management and Development for Health President's Plan for AIDS Relief to obtain these data. Even though our study had a considerably smaller sample size than the previous study, there may have been less measurement error in weight changes and the misclassification of outcomes and confounding variables because participants were seen more frequently by trained research nurses and tracked at home if they missed a clinic visit. There are numerous potential mechanisms that may explain the association of weight loss with increased mortality in HIVinfected individuals initiating ART because malnutrition can directly or indirectly interfere with the proper functioning of virtually all organ systems (23) . Protein-calorie malnutrition can have deleterious effects on both antigen and cell-mediated immune responses, including reduced lymphocyte counts, the induction of generalized proinflammatory responses, and reduced bactericidal activity (24, 25) . As a result, individuals with protein-calorie malnutrition have been well documented to have an increased incidence and severity of life-threatening opportunistic infections (26, 27) . In this study, we showed low baseline BMI was associated with increased incidence of oral thrush, and weight change at 1 mo of treatment was associated with the incidence of oral thrush, pneumonia, and pulmonary tuberculosis.
Individuals who are undernourished are also at high risk of micronutrient deficiency (28, 29) . Consequently, low baseline BMI or weight loss in our study may have been a surrogate for micronutrient deficiency; however, all study participants were provided with daily multivitamins that contained at least single RDAs of vitamins B complex, C, and E. Accordingly, all individuals in the study likely experienced the benefits of vitamin B complex, C, and E supplements on mortality and CD4 T cell reconstitution (11) . Nevertheless, we could not rule out that BMI was a surrogate for micronutrients that were not contained in the multivitamin supplement, such as zinc for which preventive supplementation has been shown to decrease risk of pneumonia and diarrhea in children (30) . There has also been some evidence that ART programs that incorporate macronutrient supplementation have increased medication adherence, and as a result, our findings may have been partially a surrogate for treatment compliance (31, 32) . In addition, food insecurity may contribute to the association of baseline BMI and weight change with morbidity and mortality thorough multiple mechanisms including reduced physical and mental health (33) , reduced use of health care services as a tradeoff for obtaining food (34) , and lower ART adherence (35) .
Mortality and morbidity in HIV-infected individuals may also be reduced if CD4 T cell reconstitution is accelerated; however, we did not find any significant association of baseline BMI or weight change at 1 mo of treatment with the change in CD4 T cell count over time. Studies conducted in Zambia, Cote d'Ivoire, and Singapore also showed no association of low baseline BMI with the change in CD4 T cell count (7, 36, 37) . In contrast, a study of adults initiating ART in the United States showed significantly greater CD4 T cell increases after 12 mo of ART for individuals with a baseline BMI of 25-30 compared with individuals with a baseline BMI ,25 (38) . Our study, as well as previous studies in resource-limited settings, may have had limited power to detect a moderate difference in the rate of CD4 T cell-count change by BMI because of the low prevalence of participants with a BMI .25.
The sum of our mortality and morbidity findings suggested that providing nutritional interventions to HIV-infected adults at ART initiation may improve survival and quality of life. Macronutrient supplementation is recommended by the WHO and is currently integrated into many ART programs in resource-limited settings, but few studies have assessed the effect of supplementation on treatment outcomes (39, 40) . A study conducted in Zambia showed that individuals who received food from the World Food Program had increased ART adherence than did individuals who did not receive World Food Program food, but there was no significant difference in mortality, CD4 T cell reconstitution, or weight gain (31) . A recent prospective interventional study in India also showed no significant difference in weight gain or CD4 T cell count for HIV-infected adults who received oral macronutrient supplements compared with the standard of care (41) . To establish the utility and optimize potential benefits of integrating macronutrient interventions into HIV programs, future studies are needed to determine the effectiveness of macronutrient supplementation and the optimal composition of supplements (42) .
There were a few limitations to this study. First, participants did not receive routine HIV viral load monitoring, which may have confounded our results. Nevertheless, routine HIV viral load assessment is not currently included in national guidelines for many resource-limited countries because of the high cost of testing and other logistical difficulties (43) . We also adjusted for other markers of disease severity in the analysis, including the CD4 T cell count, WHO HIV stage, oral candidiasis, tuberculosis treatment and diagnosis, and chronic diarrhea. Second, only 20% of the sample had baseline CD4 T cell counts .200 cells/mL, and as result, we may not have had adequate statistical power to detect the effect modification of any association for individuals with CD4 T cell counts .200 cells/mL at ART initiation. Third, we did not have data on changes in body composition and fat distribution during the study period. Consequently, we could not differentiate individuals who experienced a loss of lean body mass from individuals who experienced lipoatrophy (44) . Future studies of changes in body composition and fat distribution after ART initiation are needed to refine associations.
In conclusion, we showed that weight loss at 1 mo of ART was associated with mortality with significant variation in the magnitude by BMI at ART initiation. Although there are numerous potential explanations for our findings, the clinical utility of being able to identify patients at high risk of adverse events through low-cost point-of-care monitoring of nutritional status and weight change is not diminished by the causal uncertainty. These findings may be particularly useful in settings where regular laboratory testing of CD4 T cell counts and HIV viral loads are limited or nonexistent. Future studies identifying and managing sources of early weight loss or weight-gain restriction are needed to provide better HIV care in resource-limited settings.
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